Abstract: This paper presents a compact planar multiband antenna designed for mobile communication systems. With increasing miniaturization of communication systems and electronic components, the need for compact and small-size antennas is widely perceived. To accomplish this, a right angled isosceles triangular Microstrip patch antenna is designed using CST Microwave studio software. The proposed antenna is designed to be operated at UWB frequency range with coaxial feed technique. The antenna design has been used for size reduction as well as bandwidth improvement. Furthermore, basic antenna parameters such as resonant frequency and the quality factors for dominant modes have been analyzed and compared. Keywords: microstrip patch antenna, right angled isosceles triangular patch antenna, resonant frequency, quality factor, radiation pattern Classification: Antennas and Propagation
Introduction
The rapid development in the use of wireless technology in personal and commercial systems in the last decades has increased the demand for communication devices, such as antennas, couplers, filters, power dividers, etc., with compact size and wideband performance [1, 2] . Therefore, Microstrip patch antennas with circular polarization are an essential challenge in wireless communications. Regular shapes of patch such as rectangular, circular and triangular patch antennas have extensively been investigated when compared with irregular shape antenna geometries [3] . Among those, equilateral triangular patch is one of the most important and common use [3, 4] . Other geometry such as right angle isosceles triangular patch antenna (RITMA) is less investigated till now; it provides better flexibility compared with other triangular patch antenna in the design of microwave integrated circuit. After the release of Ultra Wideband (UWB) for unlicensed applications by the Federal Communication Commission (FCC) it has been receiving much attention both from the industry and academic sectors due to its inherent properties like low power consumption, high secured data rate support and simple configuration over conventional wireless communication systems [5] . The FCC has specified the bandwidth range of the 3.1-10.6 GHz for UWB frequency band for the commercial purpose in 2002. Contemporary researchers have been working for the development of small size and cost effective antennas. By modifying the antenna geometries and using high permittivity material, the size reduction of the antenna is possible [6] . Nowadays Printed antennas attract much attention due to its features like light weight, low profile, small size and easy fabrication although its narrow bandwidth can be eliminated by the use of slot antennas [3] . In this paper RITMA is designed with coaxial feed and simulated on CST Microwave Studio tool and its parameters have been calculated and compared with standard equations.
Design of right angled isosceles triangular microstrip patch antenna (RITMA)
Right-angled isosceles triangular patch antenna has radiation properties similar to that of the rectangular patch antenna, with the advantage of being physically smaller. The geometry of the patch and its top view with coaxial feed designed on CST Microwave studio is as shown in Fig. 1(a) . The antenna is printed on a FR-4 substrate of thickness as 1.59 mm (" r ¼ 4:4, and tan ¼ 0:025). The substrate dimensions are width 30 mm and length is 25 mm for 50 Ω impedance matching. Table I shows the values of different parameters at different frequencies. It has been observed that as the resonant frequency increases bandwidth and gain increases.
However as seen from Fig. 1(b) a hump is observed at 4.8 GHz above −10 dB which makes this simple patch appear as a dilemma in UWB characteristics. To overcome this hump variations can be done by adding another patch and that makes the antenna fractal. Although gain decreases by higher order of iterations but the antenna becomes usable for UWB range.
In the literature, there are several analyzing models for defining the parameters in microstrip patches. Since the resonant frequency depends on the patch structure, the only way to change the resonant frequency of an RITMA patch is to manufacture the patch. In the following sections formulas for resonant frequency is given depending upon the dielectric constant and considering fringing field effect.
Generalized resonant frequency of RITMA
Using the cavity model, and assuming perfect magnetic side walls, the resonant frequency of right angled isosceles triangular patch antenna is given by [7] :
Where c is the velocity of light in free space, m and n are integers (mode indices), " r is the substrate relative permittivity, and a is the side of triangle.
Resonant frequency of RITMA for low dielectric constant
Resonant frequency for low dielectric constant is given by [3, 8, 9 ]
For triangular antennas designed using low dielectric constant materials, l is the height of patch which is replaced by l þ Ál and " r by " e where Ál is calculated from
When W ¼ p 2a and " e is calculated from equation (4) which is effective dielectric constant and a is replaced by p 2a.
2.3 Resonant frequency of RITMA considering fringing field The resonant frequency may also be determined with better accuracy if fringing field effects are considered at the edge of the patch. By replacing a by a eff which is given by [10] a eff ¼ að1 þ qÞ ð 5Þ
In equation (5), q arises due to the fringing fields at the edge of patch. Here q can be expressed as 
Here h is the height of substrate " r,eff is given by equation (6). The resonant frequency can then be calculated as where
Equation (1), (2) and (7) are taken for different patch lengths and resonant frequency is calculated and compared with simulation results on CST Microwave Studio Tool.
Results depict that with increase in patch length, shift in resonant frequency is observed. Although the resonant frequency shifts with respect to the patch length but S 11 (return loss) does not show much variation in accordance with the standard equations.
Quality factor
Quality factor determines the frequency selectivity as well as bandwidth of a Microstrip antenna. Substrate thickness plays a crucial role in deciding the quality factor of the antenna. The total Q of a Microstrip radiating element comprises contributions due to the radiation Q r , conductor loss Q c , and dielectric loss Q d quality factors, so [11] 1
Table II shows quality factor and bandwidth of RITMA for dominant mode TM 10 . Bandwidth obtained by using equation (11) is compared with the simulation results.
Conclusions
In this paper, a small simple triangular patch is designed for UWB range. The antenna satisfies the −10 dB return loss requirement. Coaxial feed is used and satisfactory radiation characteristics are obtained. Addition of slots in patch and ground can also be done to further increase the bandwidth and gain. However by fracturing the antennas further the resonant frequency decreases and the length of patch increases. Furthermore, basic antenna parameters such as resonant frequency, quality factor and bandwidth for dominant modes have been analyzed and compared. 
